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ABSTRACT

Cassava mosaic virus is said to occur in all growing areas in Africa and a substantive land
area is devoted to cassava in Kano and Katsina State of Nigeria. There is also the need to
investigate if Cassava congo sequivirus recently reported in Kaduna and Sokoto States occurs
in the States. Field surveys were conducted during the 2016 dry and wet seasons in three
local government areas each of Kano and Katsina States of Nigeria to determine the
occurrence, distribution and alternative hosts of viruses of cassava (Manihot esculenta
Crantz). A total of 18 cassava farms were surveyed in the twoStates (nine in each State).
Sampling was done in 5 x 5 m? quadrats in each field of the three selected fields per Local
Government Area. Cassava plants with mosaic, distortion, stunting, chlorosis and necrotic
symptoms on leaves, as well as, those with no obvious virus disease symptoms were sampled.
A total of twenty weed samples, were also collected during both dry and wet seasons
andanalysis was carried out for the presence of cassava viruses. Double Antibody Sandwich
Enzyme-Linked Immunosorbent Assay (DAS-ELISA) was used to detect Cassava congo
sequivirus(CCSV) while the Triple Antibody Sandwich Enzyme Linked Immunosorbent
Assay (TAS-ELISA) was used to detect African cassava mosaic virus(ACMV) and East
african cassava mosaic virus (EACMV). After the analyses, three Cassava viruses Cassava
congo sequivirus, African cassava mosaic virusand East african cassava mosaic virus were
detected either singly (ACMV 30.4 %, EACMV 21.5 %, CCSV 17.8 %) (ACMV 28.9 %,
EACMYV 25.2 %, CCSV 28.1 %) or in mixed infections of two or even the three viruses
(ACMV + EACMV 11.1 %, ACMV + CCSV 2.2 %, EACMV + CCSV 1.5 % and ACMV +
EACMV + CCSV 1.5 %) (ACMV + EACMV 9.6 %, ACMV + CCSV 14.8 %, EACMV +

CCSV 5.9 % and ACMV + EACMV + CCSV 3.0 %) in all the Local Governments Areas of
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Kano and KatsinaStates respectively. This provides the first report of these viruses in the
States and the second report of the occurrence of CCSV in Nigeria. None of the weeds could

be confirmed as hosts of the viruses.
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CHAPTER ONE

1.0 INTRODUCTION

Cassava, Manihot esculenta Crantz, is a perennial woody shrub with an edible root, which
grows in tropical and sub-tropical areas of the world (I1TA, 2009). It is widely cultivated for
its tuberous root that is rich in carbohydrate. It belongs to the family Euphorbiceae that also
includes other commercially important plants like castor bean (Ricinus communis L.) and
rubber (Havea bransiliensis L.). Cassava and some 90 other species make up the genus
Manihot and it is the only widely cultivated member of this genus. It is the third most
important source of calories in the tropics, after rice and maize. More than 276 million tonnes
of cassava was produced worldwide in 2016, of which Africa accounted for 56 %
(FAOSTAT, 2017). Nigeria produced 57.1 million tonnes making it the world's largest
producer (FAOSTAT, 2017). It provides over 500 calories daily to over 70 million people

(Westhy, 2008).

Cassava crop is afflicted with many insect pests and diseases including cassava spider mite,
cassava mealy bug(Phenacoccus manihoti), green mite (Mononychellus tanajoa), African
cassava mosaic disease, cercospora leaf spot disease, cassava bacterial blight, anthracnose,
cassava brown streak diseas, and nematodes (particularly Meloidogyne spp.) among others
(and Ortiz, 2007). African cassava mosaic disease (ACMD) is the most severe and widespread
disease caused by viruses limiting production of the crop in sub-Saharan Africa. Although
Africa is the largest producer of cassava, yields in Africa are very low (estimated at 8.9
tonnes/ha) as compared to other cassava producing regions (Asia and Latin America) despite
the fact that, under optimal conditions cassava can produce up to 80 tonnes/ha of roots in a
12- month culture period (Nassar and Ortiz, 2007). A number of factors are responsible for
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the severely reduced yields in Africa, and the most important constraints are virus diseases,
particularly cassava mosaic disease (CMD), cassava brown streak disease (CBSD) as well as
bacterial blight (caused by Xanthomonas axonopodis pv. manihotis). Other constraints are
poor agricultural practices and various other diseases caused by bacteria, fungi and nematodes
(Hillocks and Wydra, 2002), most of which are considered of minor importance. The most
important single reason for this is probably the almost ubiquitous presence of cassava mosaic
disease (CMD) (Dixon et al., 2003; Legg et al., 2006). CMD is caused by a group of cassava
mosaic geminiviruses (CMGs) (Geminiviridae: Begomovirus). They comprise twinned
(geminate) particles, approximately 20-30nm in size, containing a bipartite, single stranded,

circular DNA genome (Harrisonet al., 1977).

Prior to 1995, only two African species of CMDs were recognised, Africancassava mosaic
virus(ACMV) and East african cassavamosaic virus, and serology-based diagnostic
techniques were used to show that the two had largely non-overlapping distributions, in which
ACMV occurred throughout West, Central and much of southern Africa, whilst EACMV was
largely confined to coastal East Africa, Malawi, Zimbabwe and Madagascar (Swanson and
Harrison, 1994). As nucleic acid-based diagnostics were introduced in the later part of the
1990s, however, much greater complexity was revealed. A novel EACMV/ACMV
recombinant was described from Uganda (EACMV-UG) (Zhou et al., 1997; Deng et al.,
1997), South african cassava mosaic virus(SACMV) was reported from southern Africa
(Berry and Rey, 2001) and three additional EACMV species were described (Fauquet and
Stanley, 2003). These includedEast african cassava mosaicCameroon virus (EACMCV), East
africa cassava mosaicMalawi virus (EACMMV) and East African cassava mosaic zanzibar
virus (EACMZV). Additionally, mixed ACMV+EACMYV virus infections were shown to be

2



common, frequently giving rise to synergistic interactions and enhanced symptom severity
(Harrison et al., 1997). ACMV and EACMV were shown to co-occur in most areas where
CMD occurred (Ogbe et al., 1999; Legg and Thresh, 2000; Berry and Rey, 2001). Further
diagnostics and characterization work seems certain to reveal the presence of an even greater
diversity of CMGs and CMG interactions (Legg and Owor, 2003). In cassava fields, yield
losses due to CMD can be as high as 95.0 % (Fauquet and Fargette, 1990). Cassava plants
infected with CMGs express a range of symptoms which depend on the virus species/strain,

environmental conditions, and the sensitivity of the cassava host.

The most typical symptoms consist of a yellow or pale green chlorotic mosaic of leaves,
commonly accompanied by distortion and crumpling. Symptoms are readily distinguished
from those of mineral deficiency or cassava green mite damage as the virus induced chlorosis
and malformation of leaflets is asymmetrical about the midrib. Two main methods are used to
manage CMD. They include the use of CMD resistant or tolerant varieties and the
implementation of sanitation techniques. The latter method consists of using only cuttings
from healthy plants for planting and subsequently removing any infected plants

(Ntawuruhunga et al., 2007).

1.2 Justification of the Study

Cassava (Manihot esculenta Crantz) is an important staple food crop of nearly a billion people
in the world ( Mbanzibwa et al., 2011). It is the third largest carbohydrate food source within
the tropical regions, after rice and corn (Ceballos et al., 2004). It is referred to as a food
security crop (Barrett et al., 2006). Africa produces more than half of the world’s cassava
production. Although Nigeria is reported to be the highest producer of cassava, the average

yield realized per hectare (6.2t/ha) (NAERLS, FDAE and P& PCD, 2017) is still far less than
3



what is obtained elsewhere e. g India (37t/ha). The reason for such more than 50 % yield loss
may not be unconnected to the presence of insect pests and diseases (most especially virus
diseases). African cassava mosaic virus is said to occur in all the areas where cassava is
grown in Africa. Most of the work on cassava viruses in Nigeria was done in Southern guinea,
derived Savannah zone and rain forest zones, however,not much work has been reported in
Northern guinea and Sudan savannah zones. Over the years, there has been an increase in the
production and consumption of cassava in the North West zone of Nigeria. This may not be
without an increase in the incidence of cassava diseases. Kano has been reported to have the
lowest average yield per hectare in this zone (NAERLS and FDAE, 2014). There is scanty
information on weed hosts of cassava viruses particularly in Nigeria. Information on
alternative hosts is an important tool in the disease management. Preliminary survey
conducted in Kano and Katsina States revealed symptoms of CMD. It is also not clear if
CCSV very recently reported in Kaduna and Sokoto States (Badamasi, 2017) is present in
Kano and Katsina States. Therefore, it is necessary to carry out this research in Kano and

Katsina States.

1.3 Objectives

The objectives of this research are to:

1. Determine the occurrence and distributionof cassava virusesin Kano and Katsina States.

2. ldentify the alternative hosts of the viruses.



CHAPTER TWO

2.0 LITERATURE REVIEW
2.1. The Cassava Plant

2.1.1 Botany of cassava

Cassava (Manihot esculenta Crantz) is a dicotyledonous plant, belonging to the family
Euphorbiceae (Alves, 2002). It is a perennial shrub, 2 to 4 m in height and is mainly
propagated from stem cuttings. Propagation by seed results in genetically diverse plants and is
used for generation of new varieties (Tivana, 2012). Cassava can also be propagated by
“mini-stem” for rapid propagation and by tissue culture to propagate plants free of pathogens

(Rulkens, 1993).

The ideal temperature range for growth is 24 to 30 °C (IITA, 1990) but it can tolerate
temperatures ranging from 16 to 38 °C (Tivana, 2012). Cassava can grow in the semi-arid
tropics with an annual rainfall less than 600 mm, but the ideal rainfall is 1000 to 1500 mm per
year (Alves, 2002). It grows well in sandy to light soils where the storage roots can develop
easily (Tivana, 2012). Cassava is a monoecious species with panicle inflorescences at the
reproductive branching points, female flowers (staminate) in the base and male flowers
(pistillate) at the top of the inflorescence. The root cannot be used for vegetative propagation
(Alves, 2002). The roots can be left in the ground for a long time before harvesting, thus
giving poor farmers a useful security against famine. These characteristics make cassava the
most cheaply cultivated crop as compared to other major staple crops such as rice, maize,
wheat, and sugarcane, thus making cassava convenient for small-scale farmers in many

tropical countries who have limited access to expensive agricultural inputs (Mabasa, 2007).



2.1.2 Origin of cassava

Cassava is believed to have originated in South America and was introduced into Africa in the
16th century, and later into Asia in the late 17th century by Portuguese Traders (Mabasa,
2007). Its domestication began 5000-7000 years BC in the Amazon, Brazil (Allen, 2002).
Cassava was taken from Brazil to the West coast of Africa by Portuguese navigators in the
16™ century (Jones, 1959; Nweke, 1994). Today, cassava is cultivated in more than 80
countries mainly between 30° south and 30° north of the equator (Fauquet and Fargette,

1990).

2.1.3 Cassava production

The world production of cassava has reached 276 million metric tonness of which trade
accounts for about 10.0 % of the total production (FAOSTAT, 2017). This is produced on
total world land area of 23,462,000ha. Africa accounts for about 56 percent of the global
production with 154,419,863 tonnes from 16,830,790ha. The other major cassava producing
continent is Asia with approximately 32% from estimated 4.1 million ha of cassava cultivated
land. Average yield of world cassava production in 2015 was estimated to be 12.0 tonnes/ha.
Africa’s yields are the lowest (10 tonnes/ hectare) compared to India (26tonnes/ hectare)
(James and Faleye, 2015). Nigeria is the world largest producer of cassava with 57.1 million
metric tonnes produced in 2016 (FAOSTAT, 2017) (Table 1) on a land area of more than
6.2million hectares, while Mozambique is ranked 10 on the list with 9.1 million metric tonnes
produced from 1.0 million hectares of land. According to (NAERLS and FDAE, 2015), the
trend of cassava production is on the rise in all the geo-political zones of the country except

the north east (probably due to the crisis bedeviling the zone) (Table 2).



Table 1: World Cassava Production

Rank Country Amount produced (million metric tonnes) Area (million
hectares)
1 Nigeria 57.1 6.26
2 Thailand 31.2 1.46
3 Brazil 21.1 1.40
4 Indonesia 20.7 0.87
5 Ghana 17.8 0.94
6 DR Congo 14.7 1.80
7 Vietnam 11.0 0.58
8 Cambodia 10.2 0.39
9 Angola 10.0 0.92
10 Mozambique 9.1 1.00

Source: FAOSTAT(2017)

Table 2: Cassava production in the six geo-political zones of Nigeria(1000 tonnes)

Zone 2014 2015
North East 2360.8 2357.4
North West 3122.5 3599.9
North Central 13372.5 13919.8
South West 12446.5 13444.7
South East 11398.0 11977.9
South South 11645.6 12594.4

Source: NAERLS and FDAE(2014,2015)



2.1.4 Cultivation of cassava

Cassava is propagated by the stem and can grow indefinitely, alternating periods of vegetative
growth, storage of carbohydrates in the root, and even periods of almost dormancy (Tivana,
2012). The dormancy occurs when there are severe climatic conditions, such as low
temperature or prolonged water deficit (Alves, 2002). African farmers grow cassava in mono-
culture or together with maize (Zea mays L), bananas (Musa acuminate Colla), groundnuts
(Arachis hypogea L.), rice (Oryza sativa L.), beans (Phaseolus vulgaris L.) or other crops
(Fauquet and Fargette, 1990). On average, cassava storage roots are ready for harvest from 12
months after planting, except for precocious varieties that can be harvested before 12 months.

The time until harvest is also dependent on environmental conditions (Tivana, 2012).

2.1.5 Nutritional composition of cassava

The composition of cassava depends on the specific tissue (root or leaf) and on several
factors, such as geographic location, variety, age of the plant, and environmental conditions.
The roots and leaves, which constitute 50.0 and 6.0 % of the mature cassava plant,
respectively, are the nutritionally valuable parts of cassava (Tewe and Lutaladio, 2004).
Cassava leaves contain an average of 21.0 % protein, which is high among non-leguminous
plants (Ravindran, 1993). Table 3 shows the percentage of the nutrients contained in cassava

root in dry and fresh forms.


file:///C:\Users\user\Desktop\Nutritional%20Value%20of%20Cassava%20for%20Use%20as%20a%20Staple%20Food%20and%20Recent%20Advances%20for%20Improvement.htm%23b111

Table 3: Nutrient Composition in 100 gram of Cassava root

Nutrient Fresh weight (%) Dry weight (%)
Dry matter 33.30 100.0

Starch 28.05 84.23

Crude protein 2.84 8.53

Fat 0.18 0.54

Crude fibre 1.38 4.14

Ash 0.85 2.55

Calcium 1.11 0.33

Source: Odebunmi et al.(2007)

2.1.6 Uses of cassava

Nearly every person in Africa eats about 80 kilograms of cassava per year. It is estimated that
37.0 % of dietary energy comes from cassava. The Democratic Republic (DR) of Congo is the
largest consumer of cassava in sub-Saharan Africa, followed by Nigeria. Apart from food,
cassava is very versatile and its derivatives and starch are applicable in many types of
products such as foods, confectionery, sweeteners, glues, plywood, textiles, paper, bio-
degradable products, monosodium glutamate, and drugs. Cassava chips and pellets are used in
animal feed and alcohol production (IITA, 2009). The use of cassava flour is gaining ground
in the production of biscuits, sausage rolls, meat pies and bread (Ogbe et al., 2001). It is rich
in carbohydrates, calcium, vitamins B and C, and essential minerals. However, nutrient

composition differs according to variety and age of the harvested crop, soil conditions,
9



climate and other environmental factors during cultivation (11TA, 2009). The roots of cassava
are the major source of dietary starch. In DR-Congo and several East African countries,
cassava leaves are also consumed as green vegetable to provide important sources of proteins,
minerals, and vitamins (Achidi et al., 2005). Cassava bio-fortified with vitamin A was
released in 2011 and 2013 in Nigeria which thus prompted the analysis of their adoption by

Nigerian farmers (Chikaire et al., 2016).

2.1 Constraints to Cassava Production

Insect pests and diseases are the most economically important constrains to the cassava
production (Herren, 1994). Insect pests infesting cassava include mealy bugs (Phenacoccus
manihoti) (Hom), cassava green mite (Mononychellus tanajoa) (Bondar), cassava hornworm
(Erinnyis ello) (Linnaeus), cassava white scales (Aonidomytilus albus), castor thrips
(Retithrips syriacus) (Mayet) and whitefly (Bemisia tabaci) (Genn), (Montero, 2003). The
overall devastating effects of these insect pests may be unimaginable as whitefly alone is
reported to transmit at least 40 viruses of different crops worldwide (Brown and Bird,
1992).Diseases among others include cassava bacterial blight, cassava virus diseases, cassava
anthracnose disease, cassava bud necrosis, and root rots (Calvert and Thresh, 2002).
Economic importance of cassava diseases depends on the extent of damage a disease causes
to the productive part of cassava. In sub-Saharan Africa virus diseases of cassava are the most

important (Thresh et al., 1994; Taylor and Fauquet, 1997; Thresh et al., 1997).
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2.3 Cassava Viruses

Cassava is a vegetatively propagated crop and virus diseases cause particular problems as they
are carried from one crop cycle to next through stem cuttings that are used as planting
material (Mabasa, 2007). In sub-Saharan Africa virus diseases of cassava are the most
important (Thresh et al., 1994; Taylor and Fauquet, 1997; Thresh et al., 1997). Patil and
Fauquet (2009) reported that cassava is vulnerable to at least twenty viruses but cassava
mosaic and cassava brown streak viruses are the most devastating in Africa. However there is
limited information on the properties, distribution, effects and economic importance of most
of these viruses (Mabasa, 2007).

Sources of cassava mosaic disease (CMD) and cassava brown streak disease (CBSD) in
cassava are believed to be viruses already present in the indigenous African flora (Legg and
Hillocks, 2003). Factors influencing perpetuation of the virus diseases in cassava plant
include abundance of efficient insect vectors for transmission, planting of susceptible varieties
and continuous use of unclean planting materials normally selected from the previous seasons
(Aloyce, 2013). Mabasa (2007) reported that only two genera are of economic importance in
Africa with regard to cassava, namely Ipomovirus: Cassava brown streak virus (CBSV) and
Begomovirus: cassava mosaic geminiviruses (CMG’s) of the family Geminiviridae (including

ACMV, EACMV, SACMV and UgV).

2.3.1 African cassava mosaic virus, East african cassava mosaic virus andSouth African
cassava mosaic virus

African cassava mosaic virus(ACMV) andEast African cassava mosaic virus(EACMV) are
distinct species of circular single-stranded DNA viruses that are whitefly-transmitted and

primarily infect cassava plants. Another member of the cassava mosaic virus found distributed
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in South Africa, Malawi and Madagascar transmitted by whitefly is the South Africancassava
mosaic virus(SACMYV). The East African cassava mosaic virus-Uganda (EACMV-UG) is
another distinct member of the Cassava mosaic virus found distributed in the sub-Saharan
Africa (Alabi et al., 2011). All the viruses have similar symptoms and transmitting vector but
differ in geographic distribution. The first report of cassava mosaic disease (CMD) was from
East Africa in 1894 (Legg and Fauquet, 2004). Since then, epidemics have occurred
throughout the African continent resulting in great economic loss and devastating
famine(Legg and Fauquet, 2004).In 1971 a resistant line of cassava, the predominant host of
this plant pathogenic virus, was established and used by the International Institute of Tropical
Agriculture (IITA) in Nigeria. Initially following infection of a cassava geminivirus in
cassava, systemic symptoms develop (Patil and Fauquet, 2009). These symptoms include
chlorotic mosaic of the leaves, leaf distortion, and stunted growth (Legg and Thresh, 2000).
Infection can be overcome by the plant especially when a rapid onset of symptoms occurs. A
slow onset of disease development usually correlates with death of the plant (Patil and
Fauquet, 2009). Though the cassava-infecting geminiviruses cause most of their economic
damage in cassava, they are able to infect other plants. The host range depends on the species
of virus and most are able to be transmitted and to cause disease on plants of the genera

Nicotiana and Datura (Bock and Woods, 1983).

The viruses are transmitted by whiteflies in a persistent manner. Generally, whitefly requires
3 hours feeding time to acquire the virus, a latent period of 8 hours, after which it needs 10
minutes to infect the young leaves (Fauquet and Fargette, 1990). There is variation in the
literature on this score, however, with other sources citing a 4-hour acquisition time and 4-
hour latent period (Thurston, 1998). Symptoms appear after a 3-5 week latent period (Fargette
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et al., 1994). Adult whiteflies can continue to infect healthy plants 48 hours after initial
acquisition of the virus (Thurston, 1998). A single whitefly is sufficient to infect the host;
however, successful transmission increases when multiple infected whiteflies feed on the
plant (Thurston, 1998). After entering the plant through the leaves, the virus remains in the
leaf cells for 8 days (Thurston, 1998). As it is a single-stranded DNA virus, it needs to enter
the nucleus of the leaf cells to replicate (Fauquet and Fargette, 1990). After this initial period,
the virus enters the phloem and travels to the base of the stem and out into the branches
(Thurston, 1998). Travel to the branches of the plant is much slower than travel through the
stem, so cuttings of branches from infected stems may be free of disease (Thurston, 1998). It
has a thermal inactivation point (TIP) of 55 °C with longevity in vitro (LIV) of 2-4 days and
dilution end point (DEP) of 107, Virions contain 22.0 % nucleic acid; 78.0 % protein and 20

by 30 nm in size (Stanley et al., 2005: Alegbejo, 2015).

Management strategies involve early planting to escape severe viruliferous whitefly
population that occurs later in the season. Cassava should be planted away from and upwind
of existing sources of infection and also in large compact blocks to reduce edge effect.
Intercropping cassava with maize also reduces vector population and disease incidence. Use
virus-free cassava cuttings for planting. Remove and destroy early infected plants if they are

few (Brunt et al., 1996; Alegbejo, 2015).

2.3.2 Cassava brown streak disease (CBSD)
Cassava brown streak disease (CBSD) was first described in the Amani district in the
Tanganyika territory (now Tanzania) in 1930 (Storey, 1936). CBSD was reported to be a

major threat to food security in the coastal regions of Tanzania (Legg and Raya, 1998;
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Hillocks et al., 1996), northern Mozambique (Hillocks et al., 2002) and in the coastal strip of
Lake Malawi. CBSD is caused by Cassava brown streak virusin the genus Ipomovirus in the
family Potyviridae (Monger et al., 2001).The genome of CBSV is about 9kb composed of
positive sense single stranded linear ssSRNA, and a poly (A) tail at the 3"end (Mbanzibwa et
al., 2009). Unlike members of type species of Genus Ipomovirus (Colinet et al., 1998) CBSV
genome lacks helper component proteinase but contain Pl serine proteinase that strongly
suppresses RNA silencing (Mbanzibwa et al., 2009).The first confirmation of viral cause
came from Lister (1959) with sap inoculation experiment where he was able to transmit the
disease by sap transmission from cassava to herbaceous hosts and back inoculation to cassava
(Aloyce, 2013). Recent report shows that CSBD is more wide spread and found at areas with
higher altitude than 1000 meters above sea level (masl) as previously thought(Aloyce, 2013).
These areas include Uganda (Alicai et al., 2007), Lake Victoria zone of Tanzania and Western
Kenya (Mbazibwa et al., 2009a; Winter et al., 2010; Monger et al., 2010), Rwanda and
Burundi (Shirima et al., 2012) and Democratic Republic of Congo (Mulimbi et al., 2012;

Shirima et al., 2012).

As it is the case with other plant viruses, the main management strategy against CBSD
involves the planting of disease-free cutting. Such healthy stock needs to be maintained
through rogueing of any infected individual (Hillocks and Thresh, 2000) A combination of
meristem tip culture and heat treatment together with appropriate virus indexing techniques

can effectively result into cassava planting material free of CBSD (Wasswa et al., 2011).

2.3.3 Cassava congo sequivirus
The virus belongs to the order picornavirilae under Sequiviridae family. The Sequiviridae is a

relatively newly recognized family of viruses. Viruses belonging to the family
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Sequiviridaeinfect plants and are transmitted by insects in a semi persistent manner. The
family is divided into two genera: Sequivirus and Waikavirus. Most viruses belonging to the
family Sequiviridae function as or require a helper virus in insect transmission. The viruses
have isometric particles encapsidating a monopartite, positive-sense, single-stranded RNA
genome. The length of genome varies, from approximately 10 kb for sequiviruses to 12 kb for
waikaviruses. The natural host range of sequiviruses includes species in several plant families
(ICTV, 2017). Transmission is by aphids in a semi-persistent manner. However, it is

dependent on the presence of a helper virus in the genus Waikavirus (Thompson et al., 2017).

2.3.4 Alternative hosts of cassava viruses

Alternative hosts of cassava viruses include crops affected by whitefly; Tomatoes (Solanum
esculentus M), Beans (Phaseolus vulgaris L.), Cowpea (Vigna unguiculata L), Soy
beans,(Glycine max L.), Benniseed (Sesamum indicum L.), Groundnut (Arachis hypogea L.),
Okra (Abelmoschus esculentus L), (Amaranthus spp. C), Cotton (Gossypium hirsitum L.),
cucumbers (Cucumis sativus L.), Sweet potatoes (Ipomea batatas L.) squahes, Tobacco
(Nicotiana tabacum L.), Pepper (Capsicum spp.) (Alegbejo and Banwo, 2005). Shoyinka et

al.(2001) also reported Ricinus communisas weed host of cassava viruses in Nigeria.

2.3.5 Economic importance of cassava viruses

Cassava is vulnerable to at least 20 different viruses of which the viruses causing cassava
mosaic disease (CMD) and cassava brown streak disease (CBSD) are the two most
economically important, causing production losses worth more than US$1 billion every year
(Legg et al., 2006; Boykin et al., 2017). Annual economic losses in east and central Africa are

estimated to be between 1.9 and 2.7 billion US dollars (Patil and Fauquet, 2009). Losses due
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to CMD in Africa have been estimated at between 14 million tonnes, representing 47.0 % of

the total production (Legg, 2008).

2.4 Diagnosis of cassava viruses

Virus diagnosis in cassava is important for disease prevention and control. The ultimate
purpose of pathogen diagnosis is to support disease management decisions and this
determines which of the available methods is to be used. The presence of the disease in a field
can be detected by a simple visual observation of the virus symptoms on the leaves (Freddy et
al., 2015). These symptoms are variable according to whether the field is moderately or
severely infected. The symptoms are however sometimes indistinct, in particular for the
periods of dryness, at the time of mineral deficiency of the cassava seedlings or at the time of
a serious attack of cassava green acarian or cassava cochineals (CABI, 2007). This indicates
the limits of diagnoses based on disease symptoms. Such obviousness should be confirmed by

more significant diagnostic tests (Freddy et al., 2015).

2.4.1 Serological tests

The Enzyme-Linked Immunosorbant Assay (ELISA) is a simple and sensitive method for
detection and quantification of virus level in the plant (Clark and Adams, 1977). ELISA has
been used for the detection of several geminiviruses (Givord et al., 1994). Polyclonal
antibodies have been used for the detection of ACMV in cassava leaf samples by the double
antibody sandwich (DAS) method of enzyme-linked immunosorbent assay (ELISA; Sequeira
and Harrison, 1982) and immunosorbent electron microscopy (Roberts et al., 1984). The
availability of a panel of monoclonal antibodies (Thomas et al., 1986) gave impetus for rapid
detection and discrimination of Cassava mosaic begomoviruses (CMBs) using triple antibody

sandwich-ELISA (Thomas et al., 1986: Harrison et al., 2002). Although diagnosis of CMBs
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by ELISA is versatile and can be used for large-scale testing of field samples in diagnostic
surveys (Ogbe et al., 1997), its major limitation lies in its inability to distinguish different
CMBs in mixed virus infections (Thottapilly et al., 2003). In addition, similarities in the coat
protein epitopes of recombinant CMBs such as EACMV-UG and their parentals makes it
difficult for these viruses to be successfully differentiated by ELISA (Thottapilly et al., 2003).
Another major problem with this technique is the cross-reaction of the antibodies produced
against one geminivirus coat protein with other geminiviruses (Freddy et al., 2015).
Therefore, it becomes difficult to distinguish between two closely related strains/species

(Nirbhay et al., 2010).

2.4.2 Molecular tests

Polymerase chain reaction is one of the recent techniques used in the identification of viruses
(Duncan and Torrance, 1992). It is a routine assay for plant virus genome which is many
times more sensitive than ELISA(Ogbe et al., 2003; Nirbhay et al., 2010), and has been
successful in the detection of mixed infections of ACMV and EACMV-Ug (Ogbe et al.,
2006). A single diagnostic test or assay may provide adequate information on the identity of a
virus, but a combination of methods is generally needed for unequivocal diagnosis
(Acheremu, 2011). However, it is expensive technique, requiring high cost of equipment,

reagents and expertise (Maniatis et al., 1982).
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CHAPTER THREE

3.0. MATERIALS AND METHODS

3.1 Survey and Sampling of Cassava Fields

Surveys were conducted in January, 2016 dry season to determine the occurrence,
distribution and alternative hosts of viruses of cassava in Kano and Katsina States of Nigeria.
Three Local Government Areas (LGAS) each per State and three cassava farms each per LGA
were surveyed for the disease incidence. The LGAs were selected based on production
figures, zones and advice from members of the Cassava Growers Association of Nigeria of
both States. In Katsina State, Batsari, Bakori and Dutsi Local Government Areas were
surveyed while Wudil, Ungogo and Gwarzo LGAs were surveyed in Kano State. The maps of
the LGAs surveyed in Kano and Katsina States are shown on Figures 1 and 2, respectively. In
each farm, five quadrats 5 m by 5 m were demarcated at four corners of each field and one at
the centre. The total number of plants assessed within a quadrat was recorded and the

incidence of disease was calculated.

Leaf samples (15) of both symptomatic and asymptomatic cassava plants were collected from
each sub-plot, properly labeled and wrapped in polyethylene bags. These were placed in an
ice chest and transported to the Virology Laboratory of the Department of Crop Protection,
Ahmadu Bello University (ABU), Zaria, Nigeria for diagnosis. During the survey, weed
samples within and around (not more than 5 m way from the cassava farms) were sampled
and randomly collected, labeled and wrapped in polyethylene bags, stored in an ice chest and
transported to the Virology Laboratory of the Department of Crop Protection at ABU, Zaria.

Survey for weed hosts of these viruses was repeated during the wet season in August, 2016
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and the weeds were identified in the Weed Laboratory, Department of Agronomy, ABU,

Zaria.

A structured survey questionnaire (Appendix I) was used to collect the following field data:
Name of LGA and location of the farm, name of farmer, co-ordinates of the location of the
farm (using geographical positioning system), elevation, farm size, cropping history, cropping
pattern, crops surrounding farm, crop protection practices employed, field hygiene, age of
crop, observed symptoms on cassava and weed samples, source of cassava stem cuttings, and

varieties of cassava grown.

3.1.1 Disease incidence
Incidence was recorded as the population of samples with symptoms against the total number

of leaf samples in study plot.Percentage incidence was calculated using the formula described

by Chaube and Pundhir(2005);

Number of symptomatic samples

x 100.

Disease incidence (%) =
(/0) Total number of samples assessed
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2016 dry season.
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3.2 Detection of Cassava Mosaic Virus Using Enzyme-linked Immunosorbent Assay
(ELISA) Techniques

3.2.1Triple Antibody Sandwch Enzyme-Linked Immunosorbent Assay (TAS-ELISA)
For the Detection of ACMV and EACMYV in Cassava leaves

The triple antibody sandwich enzyme-linked immunosorbent assay (TAS-ELISA) was
adopted for both ACMV and EACMV. Detection of the virus was done using commercially
prepared polyclonal and monoclonal antibodies (DSMZ, Germany). The TAS-ELISA
procedure wasas described by Clark and Adams (1977) and Givord et al. (1994). Polyclonal
antibody (PAb) (AS-0421/ADSMZ, Germany) was diluted in coating buffer, pH 9.6 at 1:1000
pl (v/iv) and 200 pl was added to each well of the microtiter plates. They were incubated at
37° C for 4hour. The plates were washed with phosphate buffered saline-Tween 20 (PBS-T)
after soaking for about 3 minutes. The washing was repeated two more times. The plates were
blotted by tapping upside down on tissue paper. Blocking of uncoated sites was done using
200 pl of 2 % skimmed milk in PBS-T added to each well. The plates were covered and
incubated for 30 minutes at 37° C and tapped dry afterwards. Leaf tissue from the test samples
(1 g ) was cut and put into mortars. 200 ul of extraction buffer was added to the cut leaf 1/20
(w/v) and ground to get the sap. 200 pl aliquots of the test sample were added to duplicate
wells. The plates were covered and incubated overnight at 4° C and washed three times as
done earlier. 200 pul the monoclonal antibody (MAb) was added to each well. The plates were
covered and incubated for 2 hours at 37° C, and washed three times with PBS-T. Rat anti-
mouse alkaline phosphatase (RAM-AP) was diluted at 1: 1000 (v/v) in conjugate buffer and
200 pl was added to each well. The plates were covered and incubated for one hour at 37° C
after which they were washed three times using PBS-T. Two hundred microlitre aliquots of

substrate (para-nitrophenyl-phosphate in substrate buffer Img/ml) were added to each well
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and incubated at 37° C in the dark for one hour. The plates were read at A4gs nmwith an ELISA
reader (Biochrom EZ Read 400). ELISA values at least twice the negative control were rated

positive as reported by Kumar (2009).

The same procedure as in ACMV was employed for polyclonal antibody except for the

monoclonal antibody to EACMV was used AS-0421/2.

3.2.2DAS-ELISA for thedetection of cassava congo sequivirus(CCSV) in cassava leaf
samples

Detection of the virus was done using commercially prepared polyclonal and monoclonal
antibodies (DSMZ, Germany). The DAS-ELISA procedure was adopted as described by
Clark and Adams (1977). Polyclonal antibody (PAb) (AS-0421/4) (DSMZ, Germany) was
diluted in coating buffer, pH 9.6 at 1:1000 (v/v) and 200 ul was added to each well of the
microtiter plates. It was incubated at 37° C for 4hours. The plates were washed with phosphate
buffered saline-Tween-20 (PBS-T) after soaking for 3 minutes. The washing was repeated
two more timesand blotted by tapping upside down on tissue paper. The plates were covered
and incubated for 30 minutes at 37° C. The plates were then removed and tapped dry. Leaf
portions(1g) were cut and put into mortars. Twenty microlitres of extraction buffer was added
to the cut leaf 1/20 (w/v) and ground to get the sap. Two hundred microlitres aliquots of the
test sample were added to duplicate wells. The plates were covered and incubated overnight at
4° C. The plates were washed three times with PBS-T. The anti-virus conjugate (IgG-AP) was
diluted in conjugate buffer at 1:500 and Two hundred microlitres was added to each well. The
plates were covered and incubated for 2 hours at 37° C. The plates were washed three times
with PBS-T. Two hundred microlitres aliquot of freshly prepared substrate (para-nitrophenyl-

phosphate in substrate buffer (1mg/ml) were added to each well. The plates were covered and
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incubated at 37° C for 1 hour. The results were assessed using ELISA reader (Biochrom EZ
Read 400) at A5 nm- ELISA values at least twice the negative control were rated positive as

reported by Kumar (2009).
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CHAPTER FOUR

4.0 RESULTS

4.1  Symptoms of Cassava Viruses in the Fields

The different symptoms observed on the farms include mosaic, leaf distortion, chlorosis, and
blisters on leaf. Others were stunted growth of the whole plant, leaf defoliation and various
combination of the symptoms. The symptomof the African cassava mosaic was the most
conspicuous and known symptom. For the Cassava congo sequivirus, any alteration from the
normal known plant was considered abnormal. The aforementioned symptoms are shown on
Plate 1. Samples that tested positive for ACMV, EACMV and CCSV had one or more of the

symptoms. Viruses occurred both in single and mixed infection of the two or three viruses.

4.2 Incidence of the three Cassava Viruses in Katsina State

The ELISA results showed that out of forty five samples tested from Dutsi LGA, thirty eight
were positive. Cassava congo sequivirus (CCSV) had the highest incidence of 33.3 %,
followed by East africancassava mosaic virus(EACMV) with 26.7 % and the least (24.4 %)
was recorded forAfrican cassava mosaic virus(ACMV). The ACMV + EACMV had
incidence of 11.1 %, ACMV + CCSV (17.8 %), EACMV + CCSV (8.9 %), while ACMV +

EACMYV + CCSV had incidence of 6.7% as shown in Figure 3.

Thirty three samples tested positive from forty five in Bakori Local Government Area.
EACMYV had the highest incidence of 26.7 % followed by ACMV with incidence of 24.4 %
and the least incidence of 22.2 % was observed for CCSV. ACMV + EACMV had incidence
of 4.4 %, ACMV + CCSV 13.3 %, EACMV + CCSV had incidence of 2.2 %, while no

incidence of ACMV + EACMV + CCSV was detected in the samples (Figure 3).
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A healthy cassava leaf with
normal shape and green
colouration

Symptom of CCSV
showing blisters on
distorted cassava leaf

Mosaic symptom
of ACMV on
cassava leaf

Plate I: Cassava leaves showing symptomsCassava congo sequivirus (CCSV) (B) and African
cassava mosaic virus (ACMV) (C) compared with healthy leaf(A).
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In Batsari Local Government Area, forty out of the forty five samples tested positive. ACMV
had the highest incidence of 37.8 % followed by CCSV with 28.9 % and the least was
EACMV with 22.2 %. ACMV + EACMV, ACMV + CCSV had the same incidence of 13.3
%, EACMV + CCSV had 6.7 % incidence while ACMV + EACMV + CCSV had 2.2 %

incidence as shown in Figure 3.

4.3 Incidences of the three cassava Viruses in Kano State

The ELISA results for the cassava leaf samples collected in Wudil Local Government Area
showed that out of forty five samples tested, twenty were positive. The highest incidence was
recorded for ACMV 28.8 % followed by EACMV with incidence of 11.1 % and the least was
4.4 % for CCSV. As for mixed infections, ACMV + EACMV had 8.9 % incidence, while
ACMV + CCSV, EACMV + CCSV and ACMV + EACMV + CCSV all had the same

incidence of 2.2 % as shown in Figure 4.

Twenty two out of the forty five samples tested in Ungogo Local Government were positive.
ACMV + EACMV had the same incidence of 20.0 % which was higher than that of CCSV
(8.9 %). For the mixed infections, ACMV + EACMV had 8.9 % incidence while ACMV +
CCSV + EACMV and CCSV + ACMV and EACMV + CCSV all had no incidence in the

samples (Figure 4).

In Gwarzo Local Government Area, forty three out of forty five samples tested were positive.
ACMYV had the highest incidence of 40.0 % followed by EACMYV with 33.3 % incidence and
the least was recorded by CCSV (22.2 %). For the mixed infections, ACMV + EACMV had
incidence of 15.6 %, ACMV + CCSV had 4.4 % incidence while EACMV + CCSV +

ACMVand EACMYV + CCSV both had the same incidence of 2.2 % (Figure 4)
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4.4 Distribution of Viruses Infecting Cassava in Katsina and Kano States.

Viruses of cassava detected in Katsina and Kano States were found to occur both singly and
in mixture. In Katsina State, ACMV had the highest occurrence of 25 % followed by CCSV
with 24 % and EACMV had 22 %. ACMV + CCSV had 13 % while ACMV + EACMV had 8
%, EACMV + CCSV had 5 % and the least was ACMV + EACMV + CCSV with 3 % as

shown in Figure 5A.

In Kano State, ACMV had the highest percentage occurrence as in Katsina but with 35 %
followed by EACMV with 25 % and CCSV had the occurrence of 21 %. ACMV + EACMV
had the occurrence of 13 %, ACMV + CCSV 3 % while EACMV + CCSV and ACMV +
EACMYV + CCSV jointly had the least occurrence of 2 % in the State as depicted in Figure

SB.
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Figure 5: Distribution of Viruses Infecting Cassava in (A) Katsina and (B) Kano States

during the 2016 dry season.
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4.5  Distribution of Viruses Infecting Cassava in Kano and Katsina States.

The distribution of the viruses infecting Cassava in Kano State (Table 4) varies considerably
from one Local Government Area to another. Only one location in Wudil (Tsibiri 11) had all
the three viruses. The remaining eight locations had at least one of the viruses detected in
them. ACMV and EACMYV only were detected in Koye and Bare-bari of Gwarzo and Ungogo
LGAs respectively. EACMV and CCSV only were detected in Nassarawa (Gwarzo LGA)
while ACMV and CCSV were detected in Madigawa and Michika of Gwarzo and Ungogo

LGA respectively.

In Katsina State (Table 5), the distribution did not vary much across the nine locations. All the
viruses were detected in at least one location of the three Local Government Areas. These
locations included Kuya and Jar kasa (Dutsi LGA), Gidan makera (Bakori LGA), and Wagini
and Makiyaya (Batsari LGA). Yalwa (Bakori LGA) had only ACMV and EACMYV detected
while Mahuta (Batsari LGA) had ACMV and EACMV detected. In two locations of
Ganjirawa (Bakori LGA) and Dutsawa (Dutsi LGA), only EACMV was detected. The different

locations in the states and the viruses detected are shown in Figures 6 and 7 in Katsina and Kano States respectively.
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Table 4: Distribution of African Cassava Mosaic Virus, East African Cassava Mosaic Virus and Cassava Congo Sequivirus in
three Local Government Areas of Kano State during the 2016 dry season.

LGA Location Number Cassava viruses detected
of samples
tested
Single infection Mixed infections
ACMV EACMV CCSV ACMV +EACMV  ACMV +CCSV EACMV +CCSV  ACMV +EACMV + CCSV

Wudil Kayu 15 - - 6(+) - - - -

Tsibiri | 15 - - 2(+) - - - -

Tsibiri I 15 13 (+) 5(+) 2(+) 4(+) + + +
Ungogo  Michika 15 + - 4(+) - - - -

Michika gari 15 - 3(+) - - - - -

Bare-bari 15 9(+) 6(+) - 4(+) - - -
Gwarzo  Madigawa 15 4(+) - 6(+) - - - -

Koye 15 14 (+) 8(+) - 7(+) - - -

Nassarawa 15 - 7(+) 4(+) - 2(+) + +
Total 135 41 29 24 15 3 2 2

ACMV= African Cassava Mosaic Virus, EACMV=East African Cassava Mosaic Virus, CCSV= Cassava Congo Sequivirus,
+= Detection, - = No detection.

Numbers before + = number of positive samples
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Table 5; Distribution of African Cassava Mosaic Virus, East African Cassava Mosaic Virus and Cassava Congo Sequivirus in three
Local Government Areas of Katsina State during the 2016 dry season.

LGA Location  Number Cassava viruses detected
of
samples
Single infection Mixed infections

ACMV EACMV CCSV ACMV +EACMV ACMV +CCSV EACMV + CCSV ACMV +EACMV + CCSV

Dutsi  Kuya 15 8(+) 10(+) 4(+) 5(+) 3(+) 3(+) 2(+)
Dutsawa 15 - + - - - - -
Jar kasa 15 3(+) + 11(+) - 5(+) + +
Bakori Gidan 15 4(+) 11(+) 3(+) 2(+) + + -
makera
Ganjiraw 15 - + - - - - -
a
Yalwa 15 7(+) - 7(+) - 5(+) - -
Batsari Wagini 15 5(+) 8(+) 4(+) 4(+) 2(+) 3(+) -
Makiyay 15 7(+) + 9(+) + 4(+) - -
a
Mahuta 15 5(+) + - + - - +
Total 135 39 34 38 13 20 8 4

ACMV= African Cassava Mosaic Virus, EACMV=East African Cassava Mosaic Virus, CCSV= Cassava Congo Sequivirus, +=
Detection, - = No detection.

Numbers before + = number of positive samples
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4.6  Alternative hosts of Cassava Viruses in Katsina and Kano States

Crop plants and samples found within and around the various locations surveyed, were also
tested against the viruses. These included common weeds and other crops found growing on
the cassava fields. A total of twenty nine weed samples were tested both in the dry and wet
season (Table 6). The test did not confirm the host status of any of them due to small sample

size and even those found positive at one season, were not available during the other season.
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Table 6: Alternative hosts of cassava viruses in Katsinaand Kano States

ACMV EACMV CCSV
Plant species Dry Wet Dry Wet Dry Wet
season Season season Season season Season

Vigna unguiculata + NF + NF + NF
Piliostigma thoningi - - - - - -
Metracarpus villosus - NF - NF - NF
Cassia obtusifolia - NF + NF - NF
Amaranthus spinosus - NF - NF - NF
Crotolaria retusa - NF - NF + NF
Tridax procumbense - NF - NF - NF
Schwenkia americana - NF - NF + NF
Gomphrena celosiodes - NF - NF - NF
Euphorbia heterophylla - NF - NF + NF
Ageratum conyzoides - NF - NF + NF
Cynodon dactylon - NF - NF - NF
Ipomea eriocarpa - NF - NF - NF
Arachis hypogeal NF - NF - NF -
Moringa oleifera NF - NF - NF -
Melonchia sp NF - NF - NF -
Solanum lycopersicum NF - NF - NF -
Solanum melongena NF - NF - NF -
Digitaria gayana NF - NF - NF -
Paspalum scrobiculatum NF - NF - NF -
Euphorbia hirta NF - NF - NF -

ACMV= African Cassava Mosaic Virus, EACMV= East African Cassava Mosaic Virus,
CCSV= Cassava Congo Sequivirus, - = Not detected, + = Detected, NF= Not found.
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CHAPTER FIVE
5.0 DISCUSSION
The incidence, distribution and alternative hosts of three cassava viruses (African cassava
mosaic virus, East african cassava mosaic virusand Cassava congo sequivirus) in Kano and
Katsina States were established in this study. The symptoms observed on the samples which
included mosaic, leaf distortion, mottling, chlorosis, stunting and reduced root size have been
associated with cassava viruses (Sseruwagi et al., 2004). The survey was spread to capture
areas of low and high production of cassava in both States. The cropping pattern observed in
both states was in conformity with Fauquet and Fargette (1990) who reported that Africans
grow cassava in mono- culture and together with such crops as maize and groundnut among
others. It was found that most of the cassava growers in the two States are small scale farmers
with an overall average farm size of 0.61ha (Apppendix I1). The average farm size for Katsina
State (0.85ha) was higher than that of Kano State (0.37ha) (Appendix I1). The small size
nature of the farmers’ fields may not convince a financial institution to offer them credit
facilities necessary for obtaining improved varieties and other inputs. This could have
improved the farmers’ output as well as manage the viruses better. This agrees with Mabasa
(2007) who reported cassava as a convenient crop for small-scale farmers due to limited
access to agricultural inputs. In both States, the crop is grown at altitude between 406 m
(Tsibiri) and 661 m (Gidan Makera)in Kano and Katsina, respectively. The most pronounced
symptom was mosaic on leaves for which the two viruses (ACMV and EACMV) got their

names.

Some of the samples reacted positively indicating the presence of the viruses. Symptom

expression is influenced by several factors including: virus species/strain (Gibson, 1994;
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Harrison et al., 1997; Owor, 2003), host response (Otim-Nape, 1993; Byabakama et al., 1997,
Otim-Nape et al., 1998; Sserubombwe et al., 2001), plant age at infection (Otim-Nape, 1987;
Fargette et al., 1988), temperature (Storey and Nichols, 1938; Chant, 1959; Kartha and
Gamborg, 1975; Massala, 1987; Gibson, 1994) and soil fertility (Mollard, 1987; Spittel and
VanHuis, 2000; Sseruwagi et al., 2003). In this study, symptoms expression could be
primarily attributed to the host response with less contribution from other factors Mathias

(2016).

The result of laboratory analysis confirmed the detection of the viruses (African cassava
mosaic virus, East african cassava mosaic virusand Cassava congo virus) in Bakori, Batsari
and Dutsi Local Governments of Katsina State and Ungogo, Wudil and Gwarzo Local
Governments of Kano State. This could be attributed to the use of infected cuttings as
planting material as most of the farmers source their cuttings locally from other farms
(Appendix 1) coupled with the less populations of whiteflies observed in the fields. This
follows the findings of Mathias (2016) that at low whitefly population, cassava mosaic
disease is primarily due to recycling of infected material. It implies that the farmers are not
aware of the disease or its symptoms and thus do not put any effort into managing them. This
agrees with Samura et al. (2014) who reported that high prevalence of African cassava mosaic
virus is due to widespread use of local varieties which are susceptible to the disease. It implies
that the most common local variety in the two States (Dan Wari) is susceptible to the three
viruses. It was observed (through discussions with farmers) that farmers do not care and are
mostly not aware of the occurrence of such diseases.Although Hillocks (2000) reported

decrease in virus incidence with higher altitude, the higher incidence of the viruses in

39



Bakori(661m) than Dutsi (522m) and Batsari (505 m) LGAs, could be attributed to other
reasons possibly high use of infected planting material.

Previous reports had confirmed the presence of cassava mosaic on weeds as alternate hosts
(Monde et al., 2010; Alabi et al., 2008; Ogbe et al., 2006: Badamasi, 2017). Tomatoes
(Solanum lycopersicum L.), Beans (Phaseolus vulgaris L.), Cowpea (Vigna unguiculata L.),
Soyabeans, (Glycine max L.), Benniseed (Sesamum indicum L.), Groundnut (Arachis hypogea
L.), Okra (Abelmoschus esculentus L.), (Amaranthus spp. C.), Cotton (Gossypium hirsitum
L.), cucumbers (Cucumis sativus L.), Sweet potatoes (Ipomea batatas L.) squashes, Tobacco
(Nicotiana tabacum L.), Pepper (Capsicum spp. L.) have been reported as alternative hosts to
viruses (Alegbejo and Banwo, 2005). This study also gives a pilot report of the combination
ofCassava congo sequivirus both singly and in mixed infections with either ACMV or
EACMYV or both. It further established the wider spread occurrence of EACMV as against
earlier reports that it is confined to coastal regions of east Africa. It supports the report of
Ogbe et al. (2001) that the mixed infections of ACMV + EACMYV is moving from east to
West Africa. ACMV was the most occurred single virus infection in all the Local Government
Areas of Kano State. In Katsina State however, ACMV was most prevalent only in Bakori
LGA, CCSVoccurred mostly in Dutsi while EACMV mostly occurred in Batsari LGA.
EACMYV had higher occurrence than CCSV in Ungogo and Gwarzo LGAs while CCSV was
higher in Wudil LGA of Kano State. In Katsina State, CCSV had higher occurrence than
EACMYV in Dutsi and Batsari while EACMYV was even the highest occurred virus amongst
the three in Bakori LGA of Katsina State. The higher incidences of the viruses observed in
Katsina than in Kano State could be due to more extensive cultivation (in terms of hectarage

committed) of the crop in Katsina than in Kano State. The result also agrees with the report
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of Aloyce (2013) that EACMYV occurrence has gone far away from the coastal region deep
into West Africa. Since the incidence of EACMV is increasing in Nigeria, having reported in
Abia, Imo, Enugu, Anambra, Akwa Ibom, Cross river, Rivers, Delta, Ebonyi, Oyo, Ogun,
Osun, Ondo (Ogbe et al., 2007) and recently Sokoto and Kaduna States of Nigeria (Badamasi,
2017) and now Kano and Katsina. This confirms thereport of Carter et al. (1995) that the
status of the virus is changing.Badamasi (2017) reported the occurrence of Cassava congo
sequivirus in Kaduna and SokotoStates of Nigeria. This is the first report of the virus in
Katsina and KanoStates. As against the report of Badamasi (2017), where CCSV only
occurred in mixture with ACMV in Kaduna State only, this report had mixed infection of
CCSV + ACMV, CCSV + EACMV and ACMV+ EACMV + CCSV in both Kano and
Katsina States. Earlier, Dauda (2016) reported ACMYV in Zaria and Igabi LGAs of Kaduna
State. Also Onu (2015) reported ACMV in Kudan and Giwa LGAs of Kaduna State. Ogbe et
al.(2006) had also reported the occurrence of ACMV + EACMYV both in single and mixed
infections.

Members of plant genus belonging to five families from Kano State were all negative to
ACMV, EACMV, ACMV + EACMV, ACMV + CCSV AND ACMV + EACMV +CCSV
during the dry season survey. Three members belonging to three families all had single
infection of CCSV, however, they were not found on the field during the wet survey to
confirm their alternative host nature to the virus. Eight members(Vigna unguiculata,
Piliostigma thoningi, Mitracarpus villososus, Cassia obtusifolia, Amaranthus spinosus,
Ageratum conyzoides, Cynodon dactylon, Ipomea eriocarpa)belonging to seven families were
analysed from Katsina State during the dry season. Five members (Piliostigma thoningi,

Metracarpus  villososus, Amaranthus  spinosus,Ipomea  eriocarpa, Cynodon
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dactylon)belonging to five families were all negative to all the viruses. One member
(Ageratum conyzoides) belonging to Asteraceae family was only positive to CCSV. One
member (Cassia obtusifolia) belonging to leguminaceae family was only positive to EACMV.
One member belonging to Fabaceae family was positive to all the viruses in single and all
combinations. However, it was not available during the wet survey in order to confirm its
nature. This member (Vigna unguiculata L.) was specifically mentioned by Alegbejo and

Banwo (2005) as alternative host to many viruses.

During the wet season survey, a total of fourteen weeds were tested for the viruses. Four
members belonging to two families were from Kano State and none of them was positive to
any of the viruses. From Katsina State, ten members belonging to six families were tested
during the wet season. Eight of the members were negative to all the viruses. Two members
belonging to two families were positive to only ACMV. Although some of the weeds were
positive on the first test; none of them could be confirmed to be alternate host as they proved
negative in the second test. Cassava congo sequivirus was detected in at least one out of the

three locations in each of the local governments in the two States.
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CHAPTER SIX

6.0 SUMMARY, CONCLUSION AND RECOMMENDATIONS

6.1  Summary

Field surveys were conducted on cassava farms in January 2016 to investigate the occurrence
of African cassava mosaic virus(ACMV), East African cassava mosaic virus(EACMV) and
Cassava congo sequivirus(CCSV) on cassava and also to find their possible alternative hosts
in Kano and Katsina States North West Nigeria. A total of eighteen farms were surveyed, nine
in each State. A total of 270 cassava leaf samples and 29 plants samples were collected during
the survey from the two States. Weed survey was repeated during the rainy season to ascertain
what was detected during dry season. The virus incidence and distribution were determined in
each farm and then in each Local Government Area of the States. Serological method,
Enzyme-Linked Immunosorbent Assay (ELISA) was employed in the detection of the viruses
from the samples collected. The result revealed the presence of all the three viruses (ACMV,
EACMYV and CCSV) both in single and mixed infections in all the six Local Government
Areas of the two States. This established a pilot report of the occurrence of particularly mixed
infection of these viruses (ACMV+EACMV, ACMV+CCSV, EACMV+CCSV and
ACMV+EACMV+CCSV) in the States and of CCSV. On the weeds, this study could not
confirm alternative host nature of the plats tested. This was because of the limitation in
running a second test to confirm the earlier result. Others were not available at either the dry
or raining season survey. As such, those were found in both seasons but were only positive at

one season but not in the other are only positive possibly by accident.
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6.2

1.

4.

6.3

1.

2.

Conclusion
This study established the occurrence of African cassava mosaic virus 25 % and 34 %
andEast african cassava mosaic virus 22 % and 25 %in Katsina and Kano states,
respectively.
It is the first report of CCSV in Katsina and Kano States (24 % and 21 %), respectively
and second report in Nigeria.
It established the existence of mixed infections of two or three of the viruses
ACMV+EACMV, EACMV+ CCSV and ACMV+ EACMV+ CCSV which was hitherto
not known.

None of the plants tested was confirmed as alternative host to the viruses.

Recommendations
Further studies should be done on the interaction of these viruses to establish their
relationship.
A weed host study capturing as large number of weeds as possible should be done in these
States to determine their status.
Further search should be done to screen some locally adopted cassava varieties for

resistance to the virus isolates.
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APPENDICES

Appendix I: Information collected from farmers via questionnaires

Location

Jar kasa
Dutsawa
Kuya
Makiyaya
Mahuta
Wagini
Yalwa
Ganjirawa
G/ makera
Michika
Bare-bari
M ic_hika
gari

Nassarawa

Koye
Wudil

Kayu

Madigawa

Farm

size
(ha)
2.19

2.72

0.22

0.92

1.92

0.46

0.13

0.66

0.35

0.21

0.02

0.09

0.08

0.66
0.04

0.77

1.03

Cropping  Crop surrounding the
pattern plant

Mixed cowpea, groundnut
Mixed Potato, cowpea
Sole Onion, tomato
Mixed Maize, potato
Mixed G/nut, sorghum
Sole Potato, kenaf

Sole Maize, cowpea
Mixed Maize and cowpea
Sole Maize, sorghum
Mixed Sorghum, cowpea
Mixed Sorghum, g/nut
Mixed Maize, cowpea
Mixed Onion, tomato
Sole Maize, cowpea
Mixed Tomato, pepper
Sole Maize, millet
Mixed Maize

Age of
plant

(months)

8

7

8

Cassava Origin of Chemical
variety  cutting treatment
Local Previous Nil
harvest
Local Previous Nil
harvest
Local Previous Nil
harvest
Local Previous Nil
harvest
Local Previous Nil
harvest
White Previous Nil
harvest
Local Previous Nil
harvest
Local Previous Nil
harvest
Local Previous Nil
harvest
Local Previous Nil
harvest
Local Previous Nil
harvest
Local Previous Nil
harvest
Local Previous Nil
harvest
Local previous harvest Nil
Local Previous Nil
harvest
Local Previous Nil
harvest
Local Previous Nil
harvest
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Appendix Il: Coordinates, Elevation, farm size and name of villages surveyed

State Local Village Farm Coordinates Elevation
government size
Katsina  Bakori Gidan 0.353ha N 11939.172 661metres
makera E007°30.133mins
Ganjirawa 0.6573ha N11°39.661mins  647metres
E007°28.907mins
Yalwa 0.1266ha N11°38.968mins  646metres
E007°28.503secs
Batsari Wagini 0.4584ha N12°41.410mins  492metres
E007°11.119secs
Makiyaya 0.9162ha N12°43.644mins  505metres
E007°10.916
Mahuta 1.9219ha N12°06.682mins  473metres
E008°31.989sec
Dutsi Kuya 0.2151ha N12°50.313secs  499metres
E008°0.765mins
Dutsawa  2.715ha  N12°50.306 496metres
E008°07.844
Jar kasa 2.193ha  N12°49.959 522metres
E008°04.975
Kano Wudil Kayu 0.7654ha N11°53.546 585metres
E007°56.347
Tsibiri | 0.0546ha N11°49.692secs  408metres
E008°51.298
Tsibiri 11 0.0385ha  N11°949.559 406metres
E008951.325
Ungogo Michika 0.345ha  N12°05.899 481metres
E008°30.845
Michika 0.0908 N12°06.779 468metres
gari E008°32.424
Bare-bari  0.234ha  N12°06.027 480metres
E008°31.106
Gwarzo Madigawa 1.0345ha N11°53.385 591metres
E007956.255
Koye 0.657ha  N11°53.362 590metres
E007°56.221
Nassarawa 0.0832 N11°949.534 407metres
E008°51.305
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Appendix I11: Buffers prepared for use in the TAS and DAS-ELISA procedure

Coating buffer

Phosphate buffered

saline

PBST -Tween (PBST)

Sample extraction
buffer
Conjugate buffer

Substrate buffer

1.59 g sodium carbonate (Na,C0s)

2.93 g sodium bicarbonate (NaHCO05)

0.20 g sodium azide (NaNs3)

8.0 g sodium chloride (NaCl)

0.2 g monobasic potassium phosphate

(KH,PO0,)

PBS + 0.5 ml Tween 20 per litre

PBST + 2% PVP (serva PVP- 15 polyvinyl

pyrrolidone)

PBST + 2% PVP + 2% egg albumin

(sigma A- 5253)

97.0 ml diethanolamine

0.2 g sodium azide (NaNs3)

58

Dissolved in 900 ml distilled water
and filled to one litre.

Then adjusted to pH 9.6 (
refrigerated)

Dissolved in 900 ml distilled water
and filled to one litre

Then adjusted pH 7.4 with HCI

0.5 ml Tween 20 was added to
99.5 ml PBS

Then adjusted to pH 7.4 with HCI

20 ml of PVP was added to 980
ml of PBST

Then adjusted to pH 7.4 with HCI
2.0 g of egg albumin (sigma A-
5253) was added to 998.0 ml of
sample extraction buffer. Stored
at room temperature.

600 ml distilled water was
dissolved inand adjusted to pH 9.8

with HCI and filled to one litre



